The frequency of EGFR mutations is ethnicity-dependent, with a higher proportion in Asian population than in whites. The prevalence of these mutations among Arab patients is unknown. The objective of this study was to report the frequency and spectrum of EGFR mutations in our population with lung adenocarcinoma, and the effect of this mutation on treatment outcome. Tumor specimens from 81 patients histological diagnosed as NSCLC adenocarcinoma were reviewed by our local pathologist and then sent to Lab 21 London, UK. Samples were tested for 28 mutations in EGFR gene. Positive patients received TKI and negative patients received chemotherapy. Data were collected and retrospectively analyzed to determine frequency and spectrum of EGFR positivity. Patients were followed for time to progression (TTP) and overall survival (OS). Overall frequency of EGFR mutation was 37%; Del 19 (46.6%), L858R (40%), D719x and insertion 20 (6.7%) for each. Females and nonsmokers exhibited a statistically significant higher EGFR positivity (P = 0.003, 0.059) respectively. Overall response rate (ORR) was 76.6% and 43% in EGFR positive and negative cases respectively (P = 0.002). There was a statistically significant difference in TTP and OS between EGFR positive and negative patients (P = 0.035 and 0.039 respectively). Arab patients exhibit an EGFR mutation pattern that is closer to Asian population. EGFR gene mutation subtypes are the same as that reported worldwide. A statistically significant TTP and OS benefit was noticed in EGFR positive patients compared to EGFR negative cases.
Introduction
Worldwide, approximately 1.5 million new cases of lung cancer are diagnosed each year. According to Kuwait Cancer Registry 2010, the incidence of lung cancer is 12.9 cases/100,000 persons every year; about half of the patients are adenocarcinoma [1] . Platinum-based chemotherapy is considered standard of care worldwide for patients with advanced NSCLC. Approximately one third of patients obtain an objective response with first-line chemotherapy, and another 20% -30% achieves temporary disease stabilization. Five-year survival rate across all stages of the disease is approximately 14% [2] .
Patients who are never smokers, females, adenocarcinomas, and Asians have a relatively high incidence of somatic mutations in the region of the EGFR gene that encodes the tyrosine kinase domain [3] . Mutations in the EGFR tyrosine kinase are observed in approximately 15% of NSCLC adenocarcinoma in the United States and occur more frequently in nonsmokers. In Asian populations, the incidence of EGFR mutations is substantially higher, reaching up to 62% [4] .
The commonest mutation is exon 19 deletion (45%) followed by exon 20 (L858R) (40%). Other mutations like exon 21 (L861Q) and exon 18 (G719X) are less common [3] . T790 mutation is associated with acquired resistance to Tyrosine Kinase Inhibitors (TKI) therapy [5] . Studies have shown that patients with pulmonary adenocarcinoma who had a base-pair deletion at exon 19 (del746-A750) or a point mutation at exon 21 (L858R) were highly responsive to EGFR TKI [6] . The overall response rate (ORR) to erlotinib among patients with EGFR gene mutations (exon 19 deletion or exon 21 L858R mutations) was almost 4 times more than that among patients with wild-type EGFR (27% vs. 7%; P = 0.03) [7] .
Data from 13 phase III trials in which an EGFR TKI was compared with platinum-based chemotherapy were summarized in a meta-analysis that included data of 2620 patients (1475 EGFR mutation positive and 1145 mutation negative). Time to progression (TTP) was significantly prolonged in EGFR TKI group (Hazard ratio (HR) 0.43, 95% CI 0.38 -0.49), while no effect on OS was observed (HR 1.01, 95% CI 0.87 -1.18) [8] .
Gefitinib was compared with cytotoxic chemotherapy as the initial therapy in three randomized trials in patients with advanced NSCLC whose tumors contained activating EGFR mutations. In the IPASS trial for the 60% of patients whose tumors contained an EGFR mutation, progression free survival (PFS) was significantly prolonged with gefitinib compared with carboplatin plus paclitaxel (median 9.5 versus 6.3 months, HR 0.48 (95% CI 0.36 -0.64) [6] . OS was not increased (median 22 months in both groups, HR 1.00 (95% CI 0.79 -1.02) [9] . Two additional phase III trials were conducted exclusively in patients with EGFR mutations; the North-East Japan Study Group 002 trial [10] [11] and the West Japan Oncology Group 172 trial [12] . The overall results and magnitude of the benefit were essentially similar to the IPASS trial. Erlotinib was compared to chemotherapy in two randomized trials in patients all of whose tumors with activated EGFR mutation. In the OPTIMAL trial from China, 154 patients were randomly assigned to erlotinib or gemcitabine plus carboplatin [13] . Treatment with erlotinib significantly improved PFS compared with chemotherapy (13.1 versus 4.6 months, HR 0.16, 95% CI 0.10 -0.26). In the EURTAC trial, 174 patients were randomly assigned to erlotinib or a platinum-based chemotherapy doublet [14] . PFS, the primary endpoint of the trial, was significantly increased with erlotinib compared with chemotherapy (median 9.7 versus 5.2 months, HR 0.37, 95% CI 0.25 -0.54). There was no significant difference in median OS (19.3 and 19.5 months, respectively).
Our study objective is to determine the percentage of patients who carry a sensitizing EGFR mutation and effect of this mutation on their treatment outcome.
Patients and Methods
Between June 2010 and February 2013, 81 patients received at Kuwait Cancer Control Center (KCCC) Outpatient Clinic were diagnosed with NSCLC (adenocarcinoma). Core tissue biopsies from those patients were reviewed by local pathologists, and then samples were sent to Lab 21 London, UK to be tested for EGFR mutation using Therascreen EGFR PCR kit. Twenty-eight different mutations in EGFR gene were studied with 3 targets being mutation specific (L858R, L861Q, S7681) the other 25 targets were detected if present but were grouped into 3 types (deletion 19, G719x and insertion 20). EGFR mutation test result was reported as exhibiting or not sensitizing mutation to EGFR TKI based therapy based on the review by Sharma et al. [15] .
As per the local clinical practice guidelines, patients carrying one of the sensitizing EGFR mutations received TKI while patients lacking sensitizing mutations received chemotherapy. Three patients in the EGFR negative group and two in EGFR positive group were not evaluable for response. Patients receiving TKI were reevaluated for response every 3 months while those receiving chemotherapy were reevaluated after third and sixth cycles.
Data of this group of patients were then retrospectively collected and analyzed to find out percentage of EGFR positivity, the effect of this mutation on their response to standard treatment as well as on TTP and OS. Response was evaluated using RECIST criteria.
Statistical Methods
Data management and analysis was performed using SPSS, version 14. Categorical data were summarized as percentages, numerical data were summarized using means and standard deviation or medians and range. Hazard ratios were calculated using cox regression. OS was defined as the time from diagnosis to the time of death from any cause. Patients who were alive on the date of last follow-up were censored on that date. TTP was defined as the time from starting therapy until documented progression. For patients without DP at the time of analysis, the date of last follow-up was considered right-censored. OS and TTP were estimated using the KaplanMeier analysis.
Results
A total of 81 patients diagnosed with NSCLC adenocarcinoma subtype were studied for EGFR mutation which was detected in 30 patients (37%). Exon 19 deletion was detected in 14 patients (46.6%), exon 20 (L858R) mutation in 12 patients (40%), D719x in 2 patients (6.7%), insertion 20 in 2 patients (6.7%). None of the patients exhibited S7681 mutation. The mean age of all patients was 61.8 ± 10.23. Males represented 64.2%, and smokers represented 28.4% of the patients. Approximately 57% were Kuwaitis and 43.2% were from other Arab countries. Performance status of 88% of the patients was 0 to II. Patients with stage IV at diagnosis represented 89% and the rest were stage IIIB ( Table 1) .
EGFR mutation was detected in 17 females (58.6%) and 13 males (25%) (P = 0.003). Approximately 43% of nonsmokers and 22% of smokers exhibited EGFR mutation (P = 0.059). Females exhibited a statistically significant higher EGFR positivity compared to males, odds ratio (OR) of 4.06, nonsmokers had higher incidence of EGFR positivity compared to smokers OR of 0.56 ( Table 2) .
Patients proved to carry one of the sensitive EGFR mutations received a TKI as first line, while patients lacking sensitive mutation received chemotherapy. Patients' characteristics' were balanced between the two groups (Table 2). In the TKI group 20 patients (66.7%) received Erlotinib, 10 patients (33.3%) received Gefetinib. Mean duration of treatment was 8.8 months (95% CI 6.3 -11.4). Patient who proved to lack sensitive mutations received chemotherapy; 30 patients (58.8%) received carboplatin/paclitaxel, 18 patients (35.2%) received cisplatin/pemetrexed, and 3 patients received carboplatin single agent. Mean number of chemotherapy cycles was 4 (95% CI 3.7 -4.6). 19 (67.9%) of EGFR positive patients achieved PR, 4 (14.3%) achieved SD, and 5 (17.9%) progressed; while 15 (31.2%) of EGFR negative patients experienced PR, 7 (14.6%) experienced SD, and 26 (54.2%) progressed. Partial response (PR) plus stable disease (SD) was 76.6% and 43% in EGFR positive and negative cases respectively a difference which was statistically significant P = 0.002.
Approximately 65% of patients receiving TKI experienced skin rash, 52% experienced fatigue, 37% experienced diarrhea and 6% experienced conjunctivitis. Approximately 33% of patients receiving chemotherapy developed Grade IV neutropenia and was complicated by fever in 4% of the patients, 14% of patients developed Grade III neuropathy and about 18% experienced nausea and vomiting.
The median follow up duration was 15.4 ± 13.7 months. TTP in EGFR positive patients was 13.58 (95% CI 10.6 -16.556), compared to 6.74 months in EGFR negative cases (95% CI 3.28 -10.2), a difference which is statistically significant, P = 0.035, HR for progression is 0.579 (Figure 1) . OS was 21.8 months (95% CI 15.6 -27.9)
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Discussion
EGFR mutation was detected in 37% of our patients. This percentage was higher than that detected in Americans (15%) and lower than that detected by the PIONEER study in Asians. Incidence of EGFR mutation in Asians was higher in females than males (61.1% and 44% respectively), and in never smokers than patients smoking >50 pack-year (60.7% and 31.4% respectively), these findings were consistent with our data [4] . Exon 19 Del was detected in 46.6%, exon 21 (L858R) mutations in 40%, D719x and insertion 20 in 6.7%. None of our patients exhibited S7681 mutation. These findings are consistent with those reported by Sharma et al. where exon 19 Del was detected in 45% of patients, L858R mutation in 40% -45% of patients, D719x in 5% of patients, insertion 20 in less than 1% of patient [15] . Our data were consistent with that reported in IPASS trial where 96% of patients exhibited either an exon 19 deletion or the exon 21 L858R mutations [9] . A statistically significant difference was noticed in RRs between patients receiving TKI and those receiving combination chemotherapy in our patients population (76.6%, 43% respectively) P = 0.002. These data are consistent with those reported by Mok et al. in IPASS trial, where RRs were 71.2% vs. 47.3% for gefitinib and carboplatin plus paclitaxel respectively. In the subgroup of patients who proved to have positive mutation, RRs were 71% vs. 47% for gefitinib and carboplatin plus paclitaxel respectively while in EGFR negative patients RRs were 1.1% vs. 23.5% favoring chemotherapy [6] [9] . Our RR in EGFR positive group was nearly equivalent to the corresponding group in IPASS trial and slightly higher than corresponding group in EGFR negative patients.
The North-East Japan Study Group 002 trial reported RRs of (73.7% and 30.7%, P < 0.001) for Gefitinib vs. combination chemotherapy [10] . In The OPTIMAL and EURTAC trial, patients with proved EGFR positive mutation were randomized to erlotinib or platinum based chemotherapy. RRs were (83% vs. 36%) and (58% vs. 15%) respectively. Our RRs for patients with EGFR negative mutation who received chemotherapy were less than that reported previously in clinical trials. This may be attributed to the fact that all patients in those three trial exhibit EGFR mutation, and the response as well as survival for EGFR positive patients is better than that for EGFR negative [13] [14] . TTP in our EGFR positive patients group was 13.58 (95% CI 10.6 -16.556), compared to 6.74 months in EGFR negative cases (95% CI 3.28 -10.2), a difference which was statistically significant, P = 0.035, HR for progression was 0.579. These data were consistent with those reported by Moketal, where TTP was significantly better with gefitinib compared to chemotherapy (12-month progression-free rate 25 vs. 7 percent, HR for progression 0.74). Mutations were detected in 60% of patients for whom TTP was significantly prolonged with gefitinib compared to carboplatin/paclitaxel (median 9.5 versus 6.3 months, HR for progression 0.48) [9] .
The West Japan Oncology Group 172 trial showed median TTP of 9.2 months (95% CI 8.0 -13.9) versus 6.3 months (95% CI 5.8 -7.8; HR 0.489, 95% CI 0.336 -0.710, P < 0.0001) [12] and the North-East Japan Study Group 002 trial show nearly the same results median TTP (10.8 months, vs. 5.4 months in the chemotherapy group; hazard ratio, 0.30; (95% CI, 0.22 to 0.41, P < 0.001), as well as a higher ORR (73.7% vs. 30.7%, P < 0.001). The median OS was 30.5 months in the gefitinib group and 23.6 months in the chemotherapy group P = 0.31, findings that are higher than our findings [10] [11] .
In the OPTIMAL trial from China and EURTAC trial from Europe patients with sensitizing mutation were randomly assigned to erlotinib or gemcitabine plus platinum-based chemotherapy doublet. Treatment with erlotinib significantly improved median TTP compared with chemotherapy (13.1 vs. 4.6 months HR 0.16 for progression, 95% CI 0.10 -0.26) and (9.7 vs. 5.2 months, HR for progression 0.37, 95% CI 0.25 -0.54) respectively [13] [14] .
Our data showed an OS of 21.8 months (95% CI 15.6 -27.9) compared to 9.9 months (95% CI 7.63 -12.17) in EGFR positive and negative cases respectively, a difference which was statistically significant P = 0.039. HR for death was 0.514. The IPASS, OPTIMAL and EURTAC trials all showed no difference in survival between the two groups with a median OS of about 22 months [9] [13] [14] . This OS difference in EGFR and chemotherapy groups in our trial compared to other trials could be attributed to the fact that cross over was allowed in those trials, but not in ours. Moreover, chemotherapy in our trial was given to EGFR negative patients only who are known to be less responsive to treatment than EGFR positive patients.
However, our survival in chemotherapy arm was consistent with survival data reported in chemotherapy trials. A meta-analysis that included individual patient data from 2968 patients in nine trials, comparing cisplatin based to carboplatin based chemotherapy showed median survival of (median 8.4 vs. 9.1 months, HR for death 1.07, 95% CI 0.99 -1.15) [16] .
Our data were also consistent with TORCH trial [17] , where 760 patients were randomly assigned to either firstline erlotinib followed by chemotherapy (cisplatin plus gemcitabine) upon progression or the same first-line chemotherapy followed by erlotinib upon progression. EGFR mutation status was analyzed in 64 percent of cases; among these, 86 percent were EGFR wild type. OS was significantly longer in unselected patients assigned to initial chemotherapy followed by second-line erlotinib (median 11.6 versus 8.7 months, hazard ratio [HR] 1.24, 95% CI 1.04 -1.47). For patients known to be EGFR mutation negative, overall survival was significantly longer with initial chemotherapy (median 9.6 versus 6.5 months).
In a phase III trial cisplatin/pemetrexed was compared to cisplatin/gemcitabine as initial therapy. OS in the 847 patients with adenocarcinoma was significantly prolonged with cisplatin plus pemetrexed compared to cisplatin plus gemcitabine (median 12.6 versus 10.9 months). Conversely, cisplatin plus gemcitabine was superior to cisplatin plus pemetrexed in the 473 patients with squamous cell carcinoma (median 10.8 versus 9.4 months) [18] [19].
Conclusion
Our patients exhibit an EGFR mutation pattern that is closer to Asian population. EGFR gene mutation subtypes are the same as that reported worldwide. A statistically significant TTP and OS benefit was noticed in EGFR positive patients compared to EGFR negative cases.
